The effect of acute or chronic ascorbic acid deficiency on the activity of hepatic cholesterol 7a-hydroxylase and fecal excretion of bile acids was investigated in ODS-od/od (OD) rats (a rat mutant unable to synthesize ascorbic acid) fed a purified basal diet or purified diets containing either cholesterol (2%) or polychlorinated biphenyl (PCB) (200 mg/kg). In OD rats, the dietary re quirement of ascorbic acid to maintain normal growth and normal levels of cholesterol in serum and liver is about 300 mg of ascorbic acid/kg diet. In OD rats fed the basal diet, acute or chronic ascorbic acid deficiency did not affect the activity of hepatic cholesterol 7a-hydroxylase and fecal ex cretion of bile acids. However, in OD rats fed diets con taining either cholesterol or PCB, acute ascorbic acid de ficiency caused a higher level of serum cholesterol, a lower activity of hepatic cholesterol 7a-hydroxylase and a lower excretion of fecal bile acids than in OD rats fed a basal diet containing an adequate level of ascorbic acid. It is con cluded that acute ascorbic acid deficiency causes a hypercholesterolemia due to the depression of bile acid syn thesis in OD rats fed a purified diet with cholesterol or PCB. J. Nutr. 119: 409-415, 1989.
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â€¢ascorbic acid â€¢ODS-od/od rat â€¢cholesterol â€¢bile acid â€¢cholesterol 7o.-hydroxylase Many species of animals synthesize L-ascorbic acid (vitamin C) and do not require it as an essential nu trient. Guinea pigs cannot synthesize ascorbic acid and are generally used as an experimental model for this condition. However, the ODS-od/od (OD) rat, a mutant Wistar rat with a hereditary defect in L-ascorbic acidsynthesizing ability, has been established as another experimental model by Makino and Katagiri (1), and Mizushima et al. (2) . Horio et al. (3) reported that the dietary addition of about 300 mg ascorbic acid/kg diet is enough to prevent signs of vitamin C deficiency and to achieve maximum growth in this strain of rats.
The relationship between ascorbic acid and choles terol metabolism in guinea pigs has been reported by many investigators (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) . Ginter and his collaborators (4) (5) (6) (7) (8) reported that ascorbic acid deficiency in guinea pigs caused a marked elevation of serum cholesterol concentration, an accumulation of cholesterol in the liver and a decrease in the conversion of cholesterol into bile acid (6, 7).
Horio et al. (15) reported the effect of ascorbic acid deficiency and excessive ascorbic acid intake on serum and liver concentrations of cholesterol in OD rats fed a purified basal diet or purified diets containing cho lesterol or polychlorinated biphenyl (PCB).
The present study reports 1) an effect of acute defi ciency of ascorbic acid on the activity of hepatic cho lesterol 7a-hydroxylase and fecal excretion of bile acids in OD rats fed a purified basal diet or purified diets containing cholesterol or PCB and 2) the effect of chronic consumption of a suboptimal amount of ascorbic acid on the activity of hepatic 7a-hydroxylase and fecal ex cretion of bile acids in OD rats fed a purified basal diet.
MATERIALS AND METHODS

Animals and diets, Male ODS-od/od (OD) rats were
generously supplied by Aburahi Laboratories, Shionogi Research Laboratories, Shionogi & Co., Shiga, fapan. Six-wk-old OD rats were supplied in each experiment. Before the experiment, OD rats were fed a basal diet (Table 1) diet for 18-20 d. Rats were kept at 24Â°Cwith a 12-h light cycle (from 0800-2000 h). All rats were individ ually housed in wire screen-bottomed cages and were provided feed and water ad libitum. Experiment 1. Male OD rats (220-230 g) were di vided into six groups of 6 or 7 rats each. Each group was fed a different test diet ad libitum for 23 d. Cho lesterol (2% ) was added to two of the diets. Cholesterol (special grade reagent) was purchased from Katayama Chemical Industries Co., Ltd., Osaka, Japan and used immediately after opening. Gas-liquid chromatography revealed no peaks other than cholesterol. PCB (Aroclor 1248, Mitsubishi Monsanto, Tokyo) was added (200 mg/ kg) to two of the diets. The composition of Aroclor 1248 (18) is 2% dichlorobiphenyl, 18% trichlorobiphenyl, 40% tetrachlorobiphenyl, 36% pentachlorobiphenyl, and 4% hexacholorobiphenyl.
409
The group des ignation, number of rats in each group and the experimental diet for each group are shown in Table 2 . Feces of each rat were collected twice for d 13-16 and d 20-23. On d 23, rats were killed by decapitation at 2300 within a 90-min period. Blood was collected into glass tubes. Liver was removed, weighed and homog enized with appropriate ice-cold buffers. The homogenates were used for the measurement of the activity of cholesterol 7a-hydroxylase and the amount of cytochrome P-450. The (20) in another portion of the extract.
Activity of hepatic cholesterol 7a-hydroxylase (EC 1.14.13.17). Fresh liver was homogenized (20% w/v) with ice-cold 1.15% KCl with a Potter-Elvehjem homogenizer. The homogenates were centrifuged for 10 min (10,000 x g) at 4Â°C.The posimitochondrial su pernatant was centrifuged for 60 min (105,000 x g) at 2Â°C.the microsomal pellets were suspended in 0.1 M K+-phosphate buffer (pH 7.4) and this suspension was used for the determination of the activity of cholesterol 7a-hydroxylase according to the method of Van Cantfort, Renson and Gielen (21) with some modification. The final incubation mixture (2 ml) contained an en zyme preparation equivalent to 120 mg of liver, 200 P.M cholesterol, 2 mM NADPH, 20 mM cysteamine, 4 mM magnesium chloride and potassium phosphate buffer 
Ci/mmol; Amersham, England) was introduced into the incubation medium (6 |a,Ci/incubation mixture) by solubilization with the help of a detergent, Tween-80 (1.5 mg/ml). The incubations were run for 30 min in a shak ing water bath at 37Â°C, and the reactions were stopped with 6 ml of 20% (w/v) trichloroacetic acid. The mix tures were centrifuged for 10 min (1,600 x g) and the supernates were washed twice with 4 vol. of chloroform to extract the non-metabolized (7a-3H)cholesterol.
Washed supernates were distilled, and the distilled water was counted for radioactivity. The blank of this enzyme reaction was carried out without the addition of NADPH. Microsomal protein was determined according to Lowry et al. (22) . Hepatic cytochrome P-450. Fresh liver was homog enized (20% w/v) with ice-cold 1.15% KCl in 0.01 M phosphate buffer (pH 7.4) with a Potter-Elvehjem homogenizer. The homogenates were centrifuged for 10 min (10,000 x g) at 4Â°C.The postmitochondrial su pernatant was centrifuged for 60 min (105,000 x g) at 2Â°C. The microsomal pellets were suspended in 0.05 M phosphate buffer (pH 7.6) containing 10 mM EDTA. Using this suspension, cytochrome P-450 was deter mined by the dithionite difference method of Omuro and Sato (23) . Quantitation of fecal 3a-hydroxy bile acids. Collected feces were dried at 70Â°C for 10 h and then crushed until they were homogeneously mixed. Bile acids were sep arated from approximately 200 mg feces according to the method of Malchow-M011er et al. (24) . The quantity of 3a-hydroxy bile acids in feces was measured enzymatically by using 3a-hydroxysteroid dehydrogenase (from bacteria, Oriental Yeast Co., Ltd. Tokyo, Japan) according to the method of Bruusgaard et al. (25) .
Measurement of liver level of ascorbic acid. Livers that had been stored at -20Â°Cwere homogenized with ice-cold 5% metaphosphoric acid and centrifuged for 10 min (1,600 x g). Ascorbic acid in the supernatant was measured by the dinitrophenylhydrazine method (26) .
Statistical analysis. Statistical significance of the difference between values was analyzed by two-way analysis of variance (ANOVA), and subsequently ana lyzed by Duncan's multiple-range test (27) . Figure 1 . Body wt in group ODO, ODChO and ODPO began to decrease on d 13. Final body wt gains for 23 d in ascorbic acid-deficient rats (group ODO, ODChO and ODPO) were lower than those in rats fed diets sup plemented with 300 mg ascorbic acid/kg diet (group OD300, ODCh300 and ODP300). Dietary addition of cholesterol or PCB had no effects on final body wt gains. Ascorbic acid deficiency lowered liver wt (g/100 g body wt), and dietary addition of cholesterol or PCB in creased liver wt (Table 3) . Liver concentrations of as corbic acid in group ODO, ODChO and ODPO were lower than in group OD300, ODChSOO and ODP300, respec tively.
RESULTS
Experiment 1. Body wt gains for 23 d are shown in
Serum cholesterol in rats fed diets containing cho lesterol or PCB was higher than that of rats fed basal diets except in the ODCh300 group (Table 3) . Serum cholesterol in ascorbic acid-deficient rats was higher than in rats fed diets supplemented with 300 mg as corbic acid/kg diet when cholesterol or PCB was added to the diet. Serum cholesterol in groups ODO and OD300 were not different from each other.
Liver cholesterol was higher in rats fed diets con taining cholesterol than that of rats fed basal diets (Table  3) . Liver cholesterol tended to be higher in group ODO or group ODPO than in group OD300 or group ODP300 although the difference was not significant. Total liver lipids were also higher in rats fed diets with cholesterol or PCB than in rats fed basal diets ( Table 3 ).
The activity of hepatic cholesterol 7a-hydroxylase was expressed as the activity per 100 g body wt or per mg protein (Table 3) . The activity per 100 g body wt in rats fed ascorbic acid-deficient diets was lower than that of rats fed diets supplemented with 300 mg as- Means within a line not followed by the same superscript letter are significantly different (P < 0.05). 2AA: these values were significantly affected by ascorbic acid deficiency (P < 0.05). C: these values were significantly affected by dietary addition of cholesterol {P < 0.05). PCB: these values were significantly affected by dietary addition of PCB (P < 0.05).
3nmol of cholesterol converted/h. corbie acid/kg diet when diet was supplemented with cholesterol or PCB, and the activity in rats fed diets with cholesterol was higher than in rats fed basal diets. The activity in group ODChO was lower than in group ODChSOO,and the activity in group ODPO was lower than in group ODP300 but the difference between group ODO and OD300 was not significant. The results when activity was expressed per mg protein were almost the same as with activity per 100 g body wt. However, the activity in rats fed diets with PCB was lower than that in rats fed basal diets. The amount of hepatic cytochrome P-450 in rats fed ascorbic acid-deficient diets was lower than that of rats fed diets supplemented with 300 mg ascorbic acid/kg diet, and the amount in rats fed diets with PCB was higher than in rats fed basal diets (Table 3) .
When cholesterol was added to the diet, fecal excre tion of bile acids in rats fed ascorbic acid-deficient diet was lower (on d 13-16 and d 20-23) than in rats fed diet supplemented with 300 mg ascorbic acid/kg diet. The fecal excretion of bile acids in rats fed diets with cholesterol was higher (on d 13-16 and d 20-23) than in rats fed basal diets (Table 3 ). There was a tendency for the excretion in group ODPO (d 20-23) to be lower than in group ODP300. However, the values in group ODO and OD300 were not different from each other (ond 13-16 and d 20-23) . Figure 2 . Body wt in group OD30-60 began to decrease on d 22, and stopped decreasing after changing the di etary level of ascorbic acid from 30 mg/kg to 60 mg/kg (Fig. 2) . Body wt in group OD60 stopped increasing on d 29, and growth retardation was observed in group OD30000. Liver weights (g/100 g body wt) were the same among these four groups (Table 4) . Liver concen tration of ascorbic acid increased as the dietary ascorbic acid level increased (Table 4) .
Experiment 2. Body wt gains for 41 d are shown in
Serum cholesterol was not affected by the dietary level of ascorbic acid (Table 4) .
Liver cholesterol in group OD30-60 and OD60 was higher than in group OD300 and OD30000 (Table 4) . Total liver lipids were lower in group OD30-60 than in group OD60, OD300 and OD30000 (Table 4) . There were no changes in these values between group OD300 and OD30000.
The activity of hepatic cholesterol 7a-hydroxylase was not affected by the dietary level of ascorbic acid ( Table 4) .
The amount of hepatic cytochrome P-450 in group OD30-60 and OD60 was lower than that of group OD300 and OD30000 (Table 4) . The values in group OD300 and group OD30000 were the same.
Fecal excretion of bile acids on d 36-39 were not affected by the dietary level of ascorbic acid (Table 4) . 
DISCUSSION
In OD rats, the addition of 300 mg of ascorbic acid/ kg diet is enough to prevent signs of vitamin C defi ciency and achieve maximum growth as reported pre viously (3) .
In a previous study (15) , we added cholesterol and cholic acid to the diet to induce hypercholesterolemia. However, in this study we added only cholesterol to the diet to measure the amount of fecal bile acids syn thesized endogenously. On the other hand, various xenobiotics, such as PCB, have been reported (28) (29) (30) (31) to induce hypercholesterolemia by increasing the bio synthesis of hepatic cholesterol (32) .
The effect of an acute deficiency of ascorbic acid on serum cholesterol in OD rats fed a basal or a choles terol-containing diet (experiment 1) was almost the same as that found in previous research. In the previous study (15) we found only little or no significant increase in the serum cholesterol in ascorbic acid-deficient OD rats fed PCB when compared with the ascorbic acidsupplemented group. The difference found in the pres ent study may be due to the difference in the length of the experimental period.
The activity of hepatic cholesterol 7-a-hydroxylase, the rate-limiting step in cholesterol biotransformation to bile acids, seemed to be lower in ascorbic acid de ficient OD rats than in rats fed a diet supplemented with 300 mg of ascorbic acid/kg. The decrease in ac tivity of this enzyme by ascorbic acid deficiency in OD 2nmol of cholesterol converted/h. rats fed diets with either cholesterol or PCB was clear. Ascorbic acid deficiency also caused a significant de crease in fecal excretion of bile acids in OD rats fed a diet with cholesterol. There was the same tendency in OD rats fed a diet with PCB. Since it is generally ac cepted that the amount of fecal bile acids represents the amount of bile acids synthesized in the liver, the higher level of serum cholesterol in ascorbic acid-de ficient OD rats fed a diet with cholesterol or PCB would have been due to the suppression of cholesterol biotransformation into bile acids. In OD rats fed a basal diet, ascorbic acid deficiency did not affect the activity of cholesterol 7a-hydroxylase, the fecal excretion of bile acids or the level of serum cholesterol.
On the other hand, we observed a slightly different relationship between the concentration of hepatic cho lesterol and the activity of cholesterol 7ot-hydroxylase. In OD rats fed a diet with PCB, the ascorbic acid de ficiency tended to cause a higher concentration of he patic cholesterol than in rats fed a diet supplemented with 300 mg ascorbic acid/kg. This phenomenon was presumably due to the suppression of cholesterol biotransformation into bile acids. However, the ascorbic acid deficiency did not affect the concentration of he patic cholesterol in rats fed a diet with cholesterol al though it did case a lower activity of hepatic cholesterol 7a-hydroxylase than in rats fed a diet supplemented with 300 mg ascorbic acid/kg. The cholesterol supplied exogenously was mainly accumulated in liver so the concentrations of hepatic cholesterol were very high in rats fed diets with cholesterol. The hepatic cholesterol level in rats fed diets with cholesterol might be too high to be affected by a lower activity of hepatic cho lesterol 7ct-hydroxylase in ascorbic acid deficiency.
Ginter and his collaborators (4-8) reported a hypercholesterolemia in ascorbic acid-deficient guinea pigs fed the diet not supplemented with cholesterol or xenobiotics, and concluded that the primary effect of ascorbic acid deficiency in guinea pigs is the depression of hepatic activity of cholesterol 7a-hydroxylase. Holloway et al. (10) , Holloway and Rivers (9) and BjÃ ¶rkhem and Kallner (33) similarly reported a lower activity of hepatic cholesterol 7a-hydroxylase in ascorbic acid de ficient guinea pigs. Ginter et al. (4) (5) (6) (7) demonstrated the reduction of bile acid synthesis in vivo in ascorbic acid-deficient guinea pigs. Holloway and Rivers (9) re ported that ascorbic acid-deficient guinea pigs exhib ited a lower bile acid turnover rate and a prolonged bile acid half-life. Harris, Kottke and Ravi Subbiah (13) also reported a lower rate of bile acid excretion and a re duction in the size of the bile acid pool in ascorbic aciddeficient guinea pigs.
Hepatic cholesterol 7a-hydroxylase is included in the cytochrome P-450 measured in this study. In OD rats fed a basal diet, even though the hepatic content of cytochrome P-450 was significantly decreased by as corbic acid deficiency, the activity of hepatic choles terol 7a-hydroxylase was not affected. It seems that the susceptibility of hepatic cholesterol 7a-hydroxylase to ascorbic acid deficiency is lower than that of the other hepatic cytochrome P-450 moieties, such as drug me tabolizing enzymes, in OD rats. This phenomenon con flicts with the results reported in guinea pigs (9) . â€¢We also investigated the long-term effects of the administration of a suboptimal amount of ascorbic acid on the cholesterol metabolism in OD rats in experi ment 2. The duration of exposure to a suboptimal level of dietary ascorbic acid and the degree of ascorbic acid deficiency in this experiment seems to equal that re ported for a chronic ascorbic acid deficiency in guinea pigs (8, 9) . In the present study, the chronic ascorbic acid deficiency did not affect the serum level of cho lesterol, the activity of hepatic cholesterol 7a-hydroxylase or the fecal excretion of bile acids. However, nu merous investigators (4-7, 9, 11) have reported that a chronic ascorbic acid deficiency induces hypercholesterolemia, the accumulation of cholesterol in liver and the depression of bile acid synthesis in guinea pigs. A slight elevation of hepatic cholesterol was observed in chronically ascorbic acid-deficient OD rats in this study. We suppose that there are many differences in choles terol metabolism between OD rats and guinea pigs, and the effect of the ascorbic acid deficiency on cholesterol metabolism differs in the two species. Duane and Hutton (34) demonstrated that the short-term subclinical ascorbic acid deficiency near the scorbutic range has no significant effect on bile acid and cholesterol me tabolism in man. Moreover, Holloway and Rivers (35) and Jenkins (36) reported that there were no changes in bile acid metabolism in ascorbic acid-deficient guinea pigs.
In summary, we demonstrated that an ascorbic acid deficiency depressed the production of bile acids in OD rats fed diets containing cholesterol or PCB. We sup pose that there are differences in the susceptibility to ascorbic acid deficiency as it affects cholesterol metab olism between OD rats and other animals unable to synthesize ascorbic acid.
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